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Abstract: High resolution spectroscopy and spectropolarimetry have been undertaken at 
the Anglo- Australian Telescope in order to identify suitable targets for magnetic studies 
of young sun-like stars, for the proxy study of early solar evolution. This study involved 
the investigation of some variable late F-/early G-type sun-like stars originally identified 
by the Hipparcos mission. Of the 38 stars observed for this study, HIP 31021, HIP 64732, 
HIP 73780 were found to be spectroscopic binary stars while HIP 19072, HIP 67651 and 
HIP 75636 are also likely to be binaries while HIP 33111 could even be a triple system. 
Magnetic fields were detected on a number of the survey stars: HIP 21632, HIP 43720, 
HIP 48770, HIP 62517, HIP 71933, HIP 77144, HIP 89829, HIP 90899 and HIP 105388, 
making these stars good candidates for follow-up Zeeman Doppler imaging studies. 
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1 Introduction 

The study of young sun-like stars provides a window 
onto the Sun's intensely active past and an under- 
standing of early solar evolution. In particular, the 
observations of starspots and associated magnetic ac- 
tivity gives clues to the underlying dynamo processes 
operating in young sun-like stars. Thus, the study 
of magnetic fields helps us understand the solar in- 
terior as well as its atmosphere. A key question in 
this respect is: how does the young Sun differ in its 
internal structure and energy transport systems when 
compared with the modern-day Sun? The technique of 
Zeeman Doppler imaging (ZDI) (|Semelll9 89: Scm el et al.1 
1 19931 : IDonati et al"] [2003 ) can be used to map the mag- 
netic topologies of rapidly rotating young sun-like stars 
to help address this question. 

In the Sun today, strong shear forces are formed 
at the interface between the solid-body rotation of the 
radiative zone and the differentially rotating convec- 
tive layer in a region called the tachocline. In the 
tachocline differential rotation wraps north-south mag- 
netic field lines around the Sun in the direction of rota- 
tion and convective motions act to raise the magnetic 
fields through the convection zone to emerge at the 
surface. This interaction converts the global poloidal 
magnetic field to a toroidal field. This effect is known 
as the "^-effect". The a-effect is the reverse process, 
converting the global t oroidal field to the p oloidal field. 
In contrast, studies by IDonati et al.l (|2003l) of K-dwarf 
stars a nd bv lMarsden et al.1 l|2011al lbT) and lWaite et al.l 
(120111 ) of pre- main- sequence G-type stars show regions 



of azimuthal fields. IDonati et al.l (l2003h interpret this 
in terms of an a 2 S2 dyna mo process l|Brandenburg et al.1 
Il989l : iMoss et al.lli"995T > being distributed throughout 
the entire convection zone and close to the surface of 
the star itself. 

The Sun today undergoes activity cycles in the 
form of magnetic reversals, but at what stage do these 
cycles begin during the e arly evolution of the star? Re- 
cent theoretical work bv I Brown et al ] (|2010l 1 has sug- 
gested that young stars undergo "attempted" field re- 
versals, where the magnetic field begins to break-up, 
a signature of an impending reversal, only to reinforce 
again in the original direction. Resolving the origin of 
the solar dynamo will help us address the more gen- 
eral question of how stellar magnetic cycles develop in 
young stars, and affect any attendant emerging plan- 
etary systems. The search for ZDI targets is thus mo- 
tivated by the need to study a sample of young Suns 
to test recent dynamo theory for these stars. 

Th e initial search for potential ZDI targets by Waitc ct al. 
(2005) found two pre-main-sequence stars: HD 106506 
and HD 141943. ZDI has been used to map the mag- 



netic topologies of HD 106506 (jWaite et al.ll201ll ') and 

evolution of the magnetic topologies and var iations in 

the su rface differential rotation of HD 141943 (Marsden et al. 
l2011al fbh. This paper is a follow-on from this initial 
search for late F-/ early G-type stars. Our search 
specifically aims to measure the projected rotational 
velocity, vsini, radial velocity, the level of magnetic 
and chromospheric activity, and confirm the expected 
youthful evolutionary status of these stars for studying 
the origins of the magnetic dynamo in young sun-like 
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stars. 

2 Observations at the Anglo- 
Australian Telescope 

2.1 Selection criteria 

The Hipparcos space mission l|Perrvman et all I1997T ) 
has provided a wealth of stellar astrometry, and re- 
vealed many previously unknown variab le stars. A 
large number of these unresolved variables (|Koen fc Eyed 
l2002h are likely to be eclipsing binaries, but some are 
expected to be active stars with starspot modulation. 
From the Hipparcos database, late F-/early G-type un- 
resolved v ariable stars were ex tracted from the origi- 
nal list of iKoen fc Everl (|2002T l. To reduce the sam- 
ple to a manageable number of stars, only those sun- 
like stars with a variability between ~ 0.04 and ~ 0.1 
magnitude were selected. If the variability was less 
than 0.04, the spot activity (if the variability was due 
to starspots) on the star would unlikely be sufficient 
to deform the stellar profiles sufficiently for any spa- 
tial information to be recovered using the technique 
of Doppler imaging (DI). Any variation above ~ 0.1 
would most likely be a result of a companion star. A 
final list of 38 stars was compiled for follow-up high- 
resolution spectroscopy and spectropolarimetry at the 
Anglo- Australian Telescope (AAT). 

2.2 Spectroscopy 

High-resolution spectra of 38 late F-/early G- type 
stars were observed over two nights of Service obser- 
vations on the 14th of April and 7th of September, 
2008 using the using the University College of Lon- 
don Echelle Spectrograph (UCLES) at the AAT. The 
EEV2 chip was used with the central wavelength set 
to 526.8 nm. The 31 lines per mm grating was used 
with a slit width of 0.73 mm and slit length of 3.18 
mm for observations on the 14th April while the slit 
width was set to 0.74mm and slit length of 3.17mm 
was set for observations on the 7th September, 2008. 
This gave an approximate resolution of 50500, extend- 
ing from order #84 to order #129. A journal of the 
observations is shown in Table [T] 

2.3 Spectropolarimetry 

Follow-up spectropolarimetric observations of stars that 
exhibited rapid rotation were undertaken on a number 
of Director's nights at the AAT u s ing the Semel Po- 
larimeter (SEMPO L) (|Semellll989l : ISemel et al.lll993l : 
iDonati et aTI|2003h . Again the EEV2 chip was used, 
with a central wavelength of 526. 8nm and coverage 
from 437.6497 nm to 681.8754 nm. The dispersion 
of ~ 0.002481 nm at order # 129, with an average 
resolution across the chip of approximately ~ 70 000. 
Observations in circular polarisation (Stokes V) con- 
sists of a sequence of four exposures. After each of 
the exposures, the half-wave Fresnel Rhomb of the 
SEMPOL polarimeter was rotated between +45° and 



-45° so as to remove instrumental polarisation sig- 
nals from the telescope and the polarimeter. Section 
13.51 gives more details regarding spectropolarimetric 
observations while more details on th e operation of 
SEMP OL i s given inlSemel et all (|1993| ). IDonati et all 
<|l997h and IDonati et all <|2003h . A journal of the ob- 
servations is shown in Table [2] 

2.4 Data Analysis 

The aim of this project is to determine the projected 
rotation velocity (vsini), radial velocity, level of mag- 
netic and chromospheric activity and estimate the age 
of each of the targets. The chromospheric activity indi- 
cators included the Ha, magnesium triplet and sodium 
doublet spectral lines. The Lil 670.78 nm spectral line 
was used as an age indicator. The initial data reduc- 
tion was completed using the ESpRIT software pack- 
age (Echelle Spectr a Reduction: An Interactive Tool, 
(|Donati et all [19971 )'). The technique of L east Squares 
Deconvolution (LSD) ()Donati et al.lfl997T ) was applied 
to each spectra. LSD assumes that each spectral line 
in the spectrum from a star can be approximated by 
the same line shape. LSD combines several thousand 
weak absorption lines to create a high signal-to-noise 
(S/N) single-line profile. Whereas the average S/N of 
a typical profile was ~ 50-100, the resulting LSD pro- 
file has a combined S/N of the order of 1000 or higher. 
This substantial multiplex gain has the advantage of 
removing the noise inherent in each line profile while 
preserving Stokes I and V signatures. The line masks 
that were used to produce the LSD profile were cre- 
ated from the Kuruc z atomic data base and ATLAS9 
atmospheric models l|Kurucj I1993T ) and were closely 
matched to the spectral type of each individual star. 

3 Results and Analysis 

3.1 Projected Rotational Velocity 

The projected rotational velocity, usim, was measured 
by rotationally broadening a solar LSD profile to match 
the LSD profile of the star. This method was shown to 
be reliable, particu larly with rapidly rotating stars, by 
IWaite et all l|2005h when they compared this tech nique 
with the Fast Fourier Transform technique of IGravl 
(|1992| ). Table [T] shows the projected rotational veloci- 
ties for the target stars. The error bars on each mea- 
surement are usually ±1 kms -1 , however, for rapidly 
rotating stars with substantial deformation of the line 
profiles due to spot features, the errors could increase 
to ±3 km s _1 or higher. Many of these vsini values 
have not been previously determined. 

The term Ultrafast Rotator (UFR) has been used 
extensively in the literature but without an explicit 
definition being applied. Hence the need to refine this 
terminology, particularly for solar-type stars. Stars 
that have projected rotational velocities less than 5 km 
s _1 will be considered as Slow Rotators (SR) as this 
is the lower limit at which we can accurately measure 
the vsini of the star in this dataset. Those stars with 
vsini between 5 km s _1 and 20 km s~ x will be con- 
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Table 1: Journal of observations using UCLES at the AAT. 



HIP 


Spectral 


UTbTART 


Exp Time 


S/N a 


b 

Vrad 


• -b 

vsmi 


EEW Ha 


EqW d Li 




Type 




(sec) 




kms 


kms 


(mA) 


(mA) 


UTDATE 


2008, APR 14 
















23316 


G5V 1 


10:13:49 


600 


77 


22.8 


~ 6 


330±6 


198±7 


27518 


G3 2 


10:26:08 


400 


72 


5.2 


<5 


-46±19 


<5 


31021 e 


G3V 3 


10:48:24 


400 


73 


— 


— 


_ 




33111' 


G5V 1 


10:57:02 


400 


79 


— 


— 


— 




33699 


F8V 4 


11:05:36 


400 


59 


29.8 


<5 


56±10 




41688 


G6IV/V 6 
G1V 1 


11:15:18 


60 


46 


-20.4 


<5 


62±10 


66±10 


43720 


11:18:17 


400 


62 


2.2 


38 


400±28 


<5 


46949 


G2/3V 5 


11:26:48 


600 


64 


26.8 


<5 


23±11 


68±3 


48146 


G6IV/V 6 
G7V 1 


11:39:30 


600 


49 


0.5 


<5 


43±9 


68±1 


48770 


11:52:21 


1200 


67 


19.6 


35 


990±90 


234±5 


60894 


GO/ IV 7 


12:14:57 


600 


29 


29.4 


<5 


-36±30 


<5 


62517 


GO 8 


12:27:56 


400 


68 


-25.5 


52 


265±25 


47±24 


63734 


F7/8V 9 


12:36:18 


200 


97 


1.3 


~ 6 


121±11 


141±6 


63936 


F8 8 


12:42:02 


600 


70 


-10.0 


<5 


80±8 


<5 


64732 e 


F5V 6 


12:54:22 


150 


84 


— 


— 


— 


— 


66387 


GO 8 


12:59:05 


600 


55 


-24.1 


<5 


48±6 


<5 


6765P 


F8 10 


13:10:25 


400 


57 


— 


— 


— 


— 


68328 


GO 11 


13:20:13 


600 


76 


8.8 


-6 


850±45 


263±4 


69338 


G1V 6 


13:32:39 


300 


81 


-8.6 


<5 


9±2 


61±3 


70053 


GO 8 


13:39:00 


450 


68 


7.8 


<5 


17±7 


45±4 


71933 


F8V 1 


13:57:17 


150 


84 


6.0 


75 


274±25 


139±7 






15:20:59 


150 


82 


-1.9 


75 


ft 


ft 


71966 


F7V 3 


14:01:16 


450 


75 


9.3 


<5 


90±10 


30±3 


73780 e 


GOIV/V 7 
G9V 1 


14:10:35 


300 


77 


— 


— 


— 


— 


75636 s 


14:17:19 


900 


88 


43.7 


50 


820±90 


<5 


77144 


G1V 11 


14:33:28 


450 


93 


-1.6 


65 


466±24 


207±7 


79090 


F8 8 


14:43:39 


600 


60 


6.1 


<5 


56±12 


46±4 


79688 


G1V 5 


14:56:07 


200 


86 


12.6 


11 


172±12 


13±5 


89829 


G5V 1 


15:01:17 


200 


74 


-10.6 


114 


280±52 


211±13 






15:25:42 


200 


75 


1.2 


114 






90899 


G1V 12 


15:06:00 


450 


82 


-2.7 


19 


408±14 


176±6 


93378 


G5V 1 


15:16:07 


150 


76 


— 


225 





322±56 






15:30:48 


150 


68 


— 


229 










16:11:01 


200 


62 


— 


226 






105388 


G7V 1 


16:04:01 


300 


58 


-1.8 


17 


520±50 


216±5 


TTTn ATR 

U _L Ut\ _L Hi 


















5617 


G2/3 7 
G7IV 1 


13:49:05 


400 


70 


56.5 


<5 




<5 


10699 


13:58:52 


600 


82 


39.1 


7 


220±20 


32±3 


11241 


F8V 9 


14:13:43 


400 


83 


-3.5 


<5 


164±8 


98±3 


19072' 


F8 8 


18:19:56 


240 


79 














18:56:21 


240 


71 










20994 


GO 8 


18:25:13 


900 


74 


57.8 


<5 


85±31 


44±2 


21632^ 


G3V 1 


14:23:12 


400 


81 


19.5 


18 


385±21 


190±2 






19:04:37 


400 


97 


19.3 


18 


517±32 


// 


25848 


GO 13 


18:42:35 


600 


68 


27.3 


69 


668±60 


250±13 






19:13:43 


600 


65 


28.7 


69 







a S/N: Mean Signal-to-noise at Order 107, which was the centre of the spectrum. b The radial velocity 
(v ra <i) and projected rotational velocity (vsini). The errors are estimated to be ±1 kms -1 , although for 



rapidly rotating stars with substantial deformation of the line profiles due to spot features, the errors 
could increase to ±3 km s -1 or higher. C EEW Ha: Emission equivalent width of the Ha line, see 
Section 3.3. d EqW Li: Equivalent width for the Li-670.78 nm spectral line. e Binary system. 'Possible 
triple system. s Possible binary system. " This star has shown variation in the Ha profile hence both 
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Table 3: Classification of Solar- type stars based on 
projected rotational velocities. 



Classification 



vsim range 
(hns' 1 ) 



Slow Rotator (SR) - < 5 

Moderate Rotator (MR) 5 - < 20 

Rapid Rotator (RR) 20 - < 100 

Ultra-Rapid Rotator (URR) 100 - < 200 
Hyper-Rapid Rotator (HRR) 200+ 



sidered as Moderate Rotators (MR). This upper limit 
is considered a critical velocity where dynamo satura- 
tion has been theorised to slow the an gular momen - 
tum loss of rapidly r o tating stars (e.g . Irrwinl (2007); 
iKrishnamurthl <|l997f ): iBarnes fc Sofia! l|l996f )1. Below 
20 kms , the strength of the star's magnetic dynamo 
is related to the star's rotation rate but above this 
speed, it is believed that dynamo saturation is occur- 
ring where the strength of the star's magnetic dynamo 
is no longer dependent upon stellar rotation. One em- 
pirical measure of this saturation in young solar-type 
stars is coronal X-ray emission. This emission, defined 
as the ratio of the star's X-ra y luminosity to that of the 
star's bolometric luminosity (Vilhu 1984), increases as 
rotation increases when it plat eau's at the vaini of 20 
kms -1 . Stauffcr et al. (1997) theorised that this is 
consistent with dynamo saturation. Those stars with 
Dsini greater than 20 km s _1 to 100 km s _1 will be re- 
ferred to as Rapid Rotators (RR). The upper limit of ~ 
100km s _1 was selected as at this rotational speed, the 
X-ray luminosi ty decreases belo w the saturate d leve l 
(|Randicrj[T998l ). an effect that iProsser et all (|1996| ) 
called supersaturation. These definitions are consis- 
tent with those used by | Marsden. Carter, fc Donatil 
(|2009h . lMarino et al.1 1)20031) and lProsser et al] (|l996h . 
Those stars between 100 km s _1 to 200 km s _1 will be 
referred to as Ultra- Rapid Rotators (URR). Stars that 
exceed 200 km s _1 will be referred to as Hyper- Rapid 
Rotators (HRR) and are likely to be very oblate. How- 
ever many of the stars in this sample have not had their 
inclination determined, thus thensini is likely to be an 
underestimate of the true equatorial rotation of the 
star, and thus depending on the inclination, the star 
may be more rapidly rotating than indicated by the 
vsini. In addition, we limit these definitions to solar- 
type stars. Table [3] gives a summary of the definitions 
used in this paper. 



3.2 Heliocentric Radial Velocity 

Each spectrum, when extracted, was shifted to account 
for two effects. Initially, small instrumental shifts in 
the spectrograph were corrected for by using the posi- 
tions of the telluric lines embedded in each spectrum. 
A telluric line mask was used to produce an LSD pro- 
file and the exact position of this profile was used t o 
determine these small corrections (|Donati et al.| [2003). 
Secondly, the heliocentric velocity of the Earth towards 
the star was determined and corrected for. 



The LSD profile of the star was used to measure 
the radial velocity of the star by first re-normalising 
the profile, then fitting a gaussian curve to the pro- 
file and measuring the location of the minimum. The 
radial velocities are listed in Table [T] The error in 
the radial velocity was estimated to be ±1 km s _1 al- 
though the presence of spots on the surface did have 
some effect on the location of the minimum, especially 
on stars with rotational speeds in excess of 100 km 
s _1 such as HIP 89829 where the fitting of the gaus- 
sian profile was problematic given the rapid rotation. 
The large variation seen in the radial velocity measure- 
ments for HIP 89829 could be a result of this star being 
a binary star. However, we have searched for evidence 
of a companion star deforming the LSD profile of the 
spectropolarimetry data and conclude that this star is 
probably single. This still does not preclude the ex- 
istence of a secondary component as a very low mass 
companion such as an M-dwarf is likely to modify the 
radial velocity of the primary without generating a de- 
tectable line in the LSD profile, because the line-mask 
employed here is optimised for the primary, not for the 
companion. It was impossible to accurately measure 
the radial velocity of the HRR HIP 93378 due to its 
extreme deformation of the LSD profiles. 



3.3 Chromospheric Indicators: Hy- 
drogen a, Magnesium-I triplet 
and Sodium-I doublet. 

The Ha, magnesium-I triplet (516.733, 517.270 and 
518.362 nm) and sodium Di and D 2 doublet (588.995 
and 589.592 nm) lines are often used as a proxies for 
stellar activity and in particular chromospheric activ- 
ity. The Ha line is formed in the middle of the chro- 
mosphere (Montes ct al. 2004) and is often associated 
with plages and prominences. The magnesium I triplet 
and sodium Di and D2 doublet lines are collisionally 
dominated and are formed in the lower chromosphere 
and upper photosphere. This makes them good indica- 
tors of changes in th at part of the atmos phere of stars 
( Montes et alj2004lL Many authors (e.g. IZarro fc Rodgersl 



ny 

(119831), lYouneet al.J (I1989T). ISoderblom et all (|l993al ) 
iMontes et al.l 



iWaite et all l|2005D ) determine 
the emission component of the Ha line by subtracting 
the stellar spectrum from a radial velocity-corrected, 
inactive star that has been rotationally broadened to 
match the vsini of the target. This technique is tem- 
perature dependent, but since all of our targets have 
similar spectral types, a solar spectrum was used as 
the inactive standard star in this survey. The resulting 
emission equivalent width (EEW) is a measure of the 
active chromospheric component of the these spectral 
lines, including the Ha line. Figure [T] shows the core 
emission of the magnesium triplet and Ha line for the 
more active stars in this sample. Many of the likely 
targets for ZDI exhibit core emissions; however, the 
HRR star HIP 93378 exhibits no activity in either the 
magnesium triplet or the Ha line. This may be due to 
the extreme broadening of the spectral lines "washing 
out" the emission component. 
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Activity Indicator: Magnesium Activity Indicator: Ha 
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Figure 1: The core emission in the magnesium 
triplet lines, left panel, and the Ha spectral line, 
right panel, are shown for rapid rotators in this 
sample. This core emission was obtained by sub- 
tracting a radial velocity corrected, rotationally- 
broadened solar spectrum. 



strength of the Lil 670.78 nm line, compared with the 
nearby Cal 671.80 nm line, for a number of stars that 
are likely to be future targets for the ZDI programme. 



Age Indicator: Li I 670.78nm 




671.5 

Wavelength (nm) 



Figure 2: The lithium-I 670.78 nm line, compared 
with the calcium-I 671.77 nm line, for a number of 
stars in this survey. 



3.4 Lithium-I 670.78-nm: An Age 
Indicator 

In the absence of a companion star, an enhanced Lil 
670.78 nm line can be used as an indicator of youth 
(jMartm &i Claretlll996r ) for stars that are cooler than 
mid-G type (0.6 < B-V < 1.3) although this is not 
as useful for F-type stars where there appears to be 
a plateau in the de pletion of the lithium due to age 
( Guillout et a]|l2~009h . However. Ido Nascimento. da Costal 
(2010) point out that there is a large range in lithium 
depletion for solar-type stars which may reflect differ- 
ent rotational histories or as a result of different mixing 
mechanisms such as shear mixing caused by differen- 
tial rotation (|Bouvierll2008h . In analysing the spectra, 
the equivalent width EqWLi was measured using the 
SPLOT task in IRAF. This was done so as to al- 
low co mparison with those measured by I Torres et al.l 
(2006). The error in the measured values of EqWii is 
primarily due to uncertainties in the continuum loca- 
tion. When the rotational velocity, usim, exceeded 8 
kms -1 , the Lil spectral line is blended with the nearby 
670.744 nm Fei line. This was cor rected using the 
same c orrection factor developed bv lSoderblom et al.l 
(1993a b). The correction used is shown in equation [T] 

EWi4Corr = EWiA-20(B-V)-3 (1) 

Some of th e results appear slig htly discrepant when 
compared wi t hrTorres et al.ll|2006h . It is unclear whether 
iTorres et al.l (|2006l ) corrected for the Fei line in their 
measurements but such a difference in processing may 
possibly explain the discrepancies. Figure [2] shows the 



3.5 Spectropolarimetry 

The magnetic signatures embedded in starlight are ex- 
tremely difficult to detect. The typical Zeeman sig- 
nature is very small, with a circular polarisation sig- 
nature (Stokes V) of ^0.1% of th e continuum level 
for active stars l|Donati et al.lll997l ). As discussed in 
Section 12.31 observations in Stokes V consists of a se- 
quence of four sub-exposures with the half-wave Fres- 
nel Rhomb being rotated between +45° and -45°. To 
&iEte ( Sld<hfl$ e JS s ig na tures, LSD is applied to increase 
the signal-to-noise of the signature when creating the 
Stokes V profile. The Stokes V profile is the result 
of constructively adding the individual spectra from 
the four exposures by "pair-processing" sub-exposures 
corresponding to the opposite orientations of the half- 
wave Fresnel Rhomb. To determine the reliability of 
the process, a "null" profile is produced as a measure 
of the noise within the LSD process. This null profile is 
found by "pair-processing" sub-exposures correspond- 
ing to the identical positions of the half-wave Fresnel 
Rhomb of the SEMPOL polarimeter during each se- 
quence of 4 sub-exposures. 

When producing figures, such as Figure [3] for ex- 
ample, the Stokes V (upper) and null (middle) profiles 
have been multiplied by 25 so as to show the variation 
within each profile. Both profiles have been shifted 
vertically for clarity. The dots on the Stokes V and 
null profiles are the actual data while the smooth curve 
is a 3-point moving average. The deformation in the 
Stokes V profile is a direct result of the magnetic field 
observed on the star while deformation in the Stokes 
/ (intensity) profile (lower) is a result of starspots on 
the surface of the star. For more information on ZDI 
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see lCarter et all (119961 ) and lDonati et al.1 (Il997l ). 

For each observation a false-alarm probability (FAP) 
of magnetic field detection was determined. FAP is a 
measure of the chance of the signal found in the Stokes 
V profile being a result of noise fluctuations rather 
than a real magnetic detectio n. The FAP is based 
on a x 2 probability function l|Donati. Semel. fc Reed 
1992) and is estimated by considering the reduced x 
statistics both inside and outside the spectral lines, as 
defined by the position of the unpolarised LSD profiles, 
for b oth the Stokes V and the null profiles (|Donati et al.l 
1997). The FAP for each observation is listed in Ta- 
ble [5] A definite magnetic detection in the Stokes V 
was considered if the associated FAP was smaller than 
1(T 5 (i.e. x 2 probability was larger than 99.999 %) 
while a marginal detection was observed if the FAP 
was less than 10 -3 but greater than 10 -5 . In addition 
to this, the signal must only have been detected in the 
Stokes V profile and not within the null profile, and 
be within the line profile velocity interval, from v ra d- 
usini to v ra d+ vsmi. This cri t eria is consistent with the 
limits used bv lDonati et al ] l| 19971 ). 

4 Some comments on individ- 
ual stars 

Many of the stars in this survey exhibited some indi- 
cation of activity either due to the presence of a com- 
panion star, or in the case of single stars, activity due 
to youth and/or rapid rotation. We will consider each 
likely ZDI target in more detail in this section. 

4.1 Moderate and rapid rotators suit- 
able for ZDI studies 

4.1.1 HIP 21632 

HIP 21632 is a G3V star (|Torres et al.ll2006h . The Hip- 
parcos space mission me asured a parallax of 18.27±1.02 
milli-arcseconds (mas) l|van Leeuwenl [2007). giving a 
distance of 1T8 jig 1 light-years (ly). Using the bolo met- 
ric corrections of iBessell. Castelli. fc Plez I (|l998t ) and 
the formulations within that paper, the effective tem- 
perature of this star was determined to be 5825±45 K 
and the radius was estimated to be 0.96±0.04 Rq. The 
lum inosity was subsequently e stimated to be 0.93^0^ 
L . IZuckerman fc Sond (|2004l ) proposed that HIP 21632 
was a member of the Tucana/Horologium Association 
indicating an age of ~30 Myr. This star has an emis- 
sion equivalent width for the Ha line in the range from 
~ 385 mA to ~ 517 mA demonstrating the presence of 
a very active, and variable, chromosphere. This varia- 
tion could be due to prominences occuring on this star. 
Two exposures, separated by 4 hours 41.41 minutes, 
were taken on April 14, 2008 demonstrated noticeable 
variation in the core emission of the Ha line, as shown 
in Figure [4] Yet there was no variation in the mag- 
nesium triplet and indeed, there was very little core 
emission in the three lines, with some filling-in in the 
wings of the lines. However, there were some minor 
changes in the sodium Di line but the variation is no 



where near as pronounced as in the mid-level chromo- 
spheric level. There is no evidence of the presence of a 
companion star in the LSD profile. iTorres et al] (2006) 
measured a radial velocity of 18.8 km s _1 (using cross 
correlation methods) and an equivalent width for the 
Lii line of 200 mA. These values are consistent with the 
values obtained from this survey of an average radial 
velocity of 19.4±1 km s _1 and a equivalent width for 
the Lii line of 190±2 nm (see Section [3]4] on a possible 
reason for slightly discrepant values). 

This star was observed spectropolarimetrically on 
two occasions using SEMPOL. On the first occasion, 
a no magnetic signal was detected with a mean S/N 
of 5898 with 4 sub-exposures, yet achieved a definite 
magnetic detection with only 2 sub-exposures with a 
mean S/N of 2710 on the second occasion. The re- 
sulting LSD profile for this cycle is shown in Figure [3] 
Whereas this star is only a moderate rotator, it is a 
worthwhile target for more detailed spectropolarimet- 
ric studies. 



LS deconvolved Zeeman signature (2223 lines used) 




-200 -100 100 



Velocity (km/s) 

Figure 3: The magnetic detection of young G3V 
star HIP 21632. The lower profile is the Stokes I 
LSD profile, the middle profile is the null profile 
and the upper profile is the Stokes V profile. The 
dots are the actual data while the smooth line is 
a moving 3-point average of the data. The Stokes 
V and Null profiles have been vertically shifted 
for clarity. In addition to this, the Stokes V and 
Null profiles each were multiplied by 25 in order 
to highlight the actual signatures. The Stokes V 
profile clearly shows a strong magnetic detection. 
This was achieved using only 2 sub-exposures with 
a mean S/N of 2560. 



4.1.2 HIP 25848 

HIP 25848 is a GO weak-lined T Tau-type star l|Li fc Hul 
1998) . It has a trigono metric parallax of 7.95±1.29 
mas ijvan Leeuwenl [20071 giving a dista nce of 410t^ 
ly. Us ing the bolometric corrections by I Bessell et al.l 

l| 19981 ). the effective temperature was estimate d to be 

5700±130 K. Using the formulation contained in l Bessell et al.l 
(|1998| ) the star is estimated to be ~ 1.67+S:?? R.0- 
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HIP 21 632 taken 4hours T 41 .42minutes apart, and the difference spectra 




■ 19:03:37 UT 

- 14:23:12 UT 

- difference 



Wavelength in nm 

Figure 4: The variation of the Ha profile of 
HIP 21 632. Two exposures were taken, separated 
by 4 hours, 41 .41 minutes. The variation in the Ha 
profile is shown as a shaded region in the difference 
spectrum. The sharp absorption line at ^656.4 nm 
in the 12:23:12UT spectra is most likely due to tel- 
luric lines at 656.4049 and 656.4200 nm. 



of the Lil line, with an equivalent width of <5 mA. 
One can speculate that the li thium has already been 
depleted. iGuillout et al (2009) suggest that stars with 
deep convective envelopes, such as M-dwarfs, are very 
efficient at depleting the lithium concentration. Being 
a pre-main-sequence star, HIP 43720 may als o possess 
a very deep convective zone. Alternatively, iBouvierl 
(2008) suggest that this depletion may be due to large 
velocity shear at the base of the convective zone as a 
result of star-disk interaction. 

There is evidence of an active chromosphere with 
an emission equivalent width for the Ha line of ~400±28 
mA and strong emission in the magnesium triplet lines, 
as shown in Figure [TJ Definite magnetic fields were ob- 
served on three occasions, however no magnetic field 
was detected on a fourth observation. On that occa- 
sion, the mean S/N was ~ 2626. Figure [6] shows the 
Stokes V, null and Stokes I profile. This is an interest- 
ing target for follow-up spectropolarimetric studies at 
the AAT and as a result, is the subject of a forthcom- 
ing intense ZDI study (Waite et al., in preparation). 

LS deconvolved Zeeman signature (2215 lines used) 



Placin g this star on the theoretical isochrones o fS iess. Dufoufc- 
(l200dl ). it is estimated to be 1.3±0.1 Mq with an age 




between lOMyr to 20Myr. This is show n in Figu re Q 
This i s consistent with the age found bv lTetzlaff et alj 
(|201ll h howeve r slightly less massiv e than that quoted 
in that paper. iNorton et all (|2007l ) used SuperWASP 
to measure a period of 0.9426 d. This survey mea- 
sured a usini of 69 kms -1 . This star has an emis- 
sion equivalent width for the Ha line of 668±60 mA, 
meaning that it is very active and one of the most ac- 
tive stars from this survey. The sodium doublet lines 
were filled in, almost to the continuum. It has a very 
deep Lil line suggesting, in the absence of a companion 
star, a youthful star. No spectropolarimetric observa- 
tions were obtained were obtained. With a declina- 
tion of +23°, it would be a difficult target for ZDI at 
the AAT. However, this star would be an ideal target 
for ESPaDOnS at the CFHT (Canada-France-Hawaii 
Telescope, Hawaii) or NARVAL at the TBL (Telescope 
Bernard Lyot, Pic du Midi, France). 




Velocity (km/s) 

Figure 6: The various LSD profiles, as explained 
in Figure El for HIP 43720. The Stokes V profile 
(upper profile) shows evidence of a strong mag- 
netic feature on the young star HIP 43720. The 
LSD profile (lower profile) has a flat bottom, possi- 
bly indicating the presence of a polar spot feature. 



4.1.3 HIP 43720 

HIP 43720 is a particularly active, G1V star (1 Torres et al.l 
120061 ) . It has a trigono metric parallax of 5.38±0.94 
mas i|van LeeuwerJ [2007) giving a distance of 606^qq^ 
ly. Using the star's V-I value and the formulation in 
I Bessell et all (1998), the star's temperature was esti- 
mated to be 5700^45 K while its radius was estimated 
to be 2.6±o l R . Placing HIP 4372 onto the theoret- 
ical isochrones of l Siess"e t al. (200Cj), as shown in Fig- 
ure [S] suggests that this star's age is < 10 Myr years 
and has a mass of between 1.6 and 1.8 Mq. How- 
ever, this age estimate is not supported by the depth 



4.1.4 HIP 48770 

HIP 48770 is a G7V pre-main-sequence star l| Torres et al.l 
120061 ) . It has a trigono metric parallax of 5.83±1.55 
mas ijvan Leeuwenl f2007i giving a distance of 554^ ^5 
ly. The vsini was measured to be 35 kms" 1 , whic h 
is consistent with that found bv iTorres et al.l ((2006) . 
The radial velocity was determined to be 19.6 kms -1 , 
which is diff e rent from the 22.6 km s -1 observed by 
ITorres et al. I i|2006D . There appears to be no evidence 
of a secondary component in the spectra; but the pres- 
ence of a companion in a large orbit cannot be ruled 
out. HIP 48770 is very young with a predominate 
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Theoretical evolutionary curves, based on the models of Siess et al. (2000) 
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Figure 5: The ev olutionary status of some of the survey stars, based on the theoretical isochrones of 
I Siess et al.l ( 20001 ) . Only those likely ZDI targets with accurate photometry were incorporated onto this 
diagram. 



lithium feature, as shown in Figure [2] lAmmons et al.l 
(2006) calculated an effective temperature of 5539 K. 
Howev er, using the bolometric corrections of l Bessell et al.l 
(| 19981 1. our estimate is higher at 6000±300 K. It is 
also very active with the Ha spectral line being al- 
most entirely filled in; and the magnesium triplet is 
also very strong. A visual magnitude of 10.5 would 
normally make it a challenging target for SEMPOL 
at the AAT. However, a magnetic detection was ob- 
served at the AAT demonstrating its highly active na- 
ture. The Stokes / LSD profile, along with the Stokes 
V profile is shown in Figure [7] 

4.1.5 HIP 62517 



HIP 62517 is an active GO star (ISAO Catalogue!! 1966T) . 
It has a parallax of 2.38±1.6 mas ijvan Leeuwen 120071 ) 



giving a distance of 420^ fgg ly. This star has ansim of 
52 kms -1 . This particular star has a strong Ha emis- 
sion of 265 mA coupled with some filling in of the core 
of the magnesium triplet. However, its lithium line is 
rather weak, indicating that it may not be as young as 
some of the other stars in the sample. lAmmons et al.l 
(2006) calculated an effective temperature of 5336K, 
which is slightly higher than our estimate of 5250±65 



K foun d using the bolometric corrections of l Bessell et al.l 
(1998]). A marginal detection of a magnetic field was 
recorded on 2010, April 2, as shown in Figure [S] The 
S/N was 6685. Although only two snapshots were 
taken several months apart, with the indications that 
this star is single, the global magnetic field may be 
relatively weak and would be difficult to recover any 
magnetic features if observed over several epochs. This 
makes this star a difficult target for ZDI at the AAT. 

4.1.6 HIP 71933 



HIP 71933 is a pre-main-sequence F8V star llTorres et al 
20061 ). It has a parallax of 11.91±0.99 mas (jvan Leeuwenl 
20071 ) giving a distance of 274^21 ly. It has a pro- 
jected rotational velocity of 75 kms" 1 . The radial ve- 
locity was measured to be ~4 kms -1 . As mentioned 
previously, the large spots on the surface of this star 
makes acc urate radial velocity measurements difficult. 
Howe ver. iTorres et alj |2006t) measured 8.7 km s _1 
whil e iGontcharovl d2006T) measur ed 12.3±0.4 km s" 1 
and iKharchenko &; Roeseil l|2009l ) measured 12.1±0.4 
km s -1 . Perhaps this sta r is part of a wide binary sys- 
tem. ITorres et al.l ((2006) flagged that this star might 
be a spectroscopic binary star. If the star was a bi- 
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LS deconvolved Zeemon signature (3539 lines used) 




Figure 7: The various LSD profiles, as explained 
in Figure [21 for HIP 48770. 



LS deconvolved Zeemon signature (2624 lines used) 




Velocity (km/s) 

Figure 8: The marginal magnetic detection in the 
Stokes V profile (upper profile) for HIP 62517. 
The profiles are as explained in Figure [31 



ure[T] with emission in the magnesium triplet lines and 
the Ha line. However, there was some core emission in 
the Nal D2, but not in the Di line. Spectropolarime- 
try was conducted on two occasions, once when the 
seeing was very poor (~ 2.5 to 3.5 arcsec) and only 
a S/N of 1748 but on the other occasion, reasonable 
seeing (~1.5 arcsec) resulted in a definite detection of 
a magnetic field. This detection is shown in Figure [5] 

LS deconvolved Zeemon signature (2183 lines used) 




100 

Velocity (km/s) 



Figure 9: The various LSD profiles, as explained 
in Figure H for HIP 71933. The S/N for this was 
8843. 



4.1.7 HIP 77144 



nary, and the companion's profile is overlapping the 
primary's profile, it could be mistaken for spots. Alter- 
natively, the companion may be a faint M-dwarf star 
thereby not deforming the profile at all. Careful con- 
sideration of the LSD profiles produced from the high- 
resolution spectra obtained using the normal UCLES 
setup (R~50000) and spectropolarimetry (R~70000), 
suggest that the deformations are due to spots rather 
than a companion. However, the presence of a sec- 
ondary component cannot be ruled out by this survey. 

iHolmberg. Nordstrom, fe Andersen! l|2006h estimated 
the eff ective temperature to be 5900K while lAmmons et alJ 
(2006) estimated the temperature to be 5938K. The 
equivalent width of the Lil was measured to be 139±7 
mA, after accounting for the Fel blended line using 
equation [T] When using the theoretical isochrones of 
I Siess et al.l (|2000h . as shown in Figure [5] this star's 
age is estimated to be ~20 Myr years and has a mass 
of ~ 1.2 M . 

This is a particularly active star, as shown in Fig- 



HIP 7 7144 is a post T-Tauri G1V star lSartori. Lepine. fc Diasl 
( 2003) in the Scorpius-Centaurus group (IMamaiek. Meyer, fc Liebei 
| 2002h . It has a parallax of 7.12±1.28 mas ijvan LeeuwerJ 
l2007f ) giving a distance of 458_\" 7 o° ly. It has a vsini 
of 65 km s" 1 with a particularly strong Ha (EEW = 
466±24 mA) and Li I lines (EqW = 207±7 mA). The 
temperature is estimated to be ~6000±130 K. It is ap- 
proximately 1 .45_tn'ia R» when u sing the bolometric 
corrections of I Bessell et alJ |l998), giving a luminos- 
ity of 2.4_tJ'y Lq. This you ng star, when plac ed on 
the theoretical isochrones of I Siess et alJ (120001 ) gives 
an age of this star of ~ 20 Myr and is approximately 
1.3±0.1 M©. This is shown in Figurc[S] The radial ve- 
locity was measured to be -1.6 kms" 1 , which is consis- 



tent w ith t hat found by Madse m Dravins. fc Lindeerenl 
(2002) and lKharchenko et all i|2007f ) to within the re- 
spective errors of each measurement. A definite mag- 
netic field was detected on 2010, March 31, with a 
mean S/N in the Stokes V profile of 4315. This mag- 
netic detection is shown in Figure [TOl 

4.1.8 HIP 90899 



HIP 90899 is a G1V star (jTuron et alJ fl993h Accord- 
ing to Hipparcos database, this sta r has a parallax of 
10.87±1.34 mas l|van Leeuwcn 2007), giving a distance 
of 3OOI33 ly. Using the V-I determined by the Hip- 
parcos Star Mapper Photometry, a value of 0.62T0.03 
gives a temper ature of 6090+ ffi K using the formu- 
lation given in I Bessell et all (fl998h This is consis- 
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LS deconvolved Zeemon signature (2607 lines used) 
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Figure 10: The various LSD profiles, as explained 
in FigureEl for HIP 77144. 



tent with oth er authors such as IWright et al.l (|2003l ) 
(6030 K) and I Amnions et al.1 d2006f> (5988 K). Using 
the bolometric corrections of l Bessell et al,l (|l998T ) gives 
a radius of 0.97_tg J s Rq and a luminosity of l.lSji^'is 
Lq. This star has an emission equivalent width for 
the Ha line of 408±14 mA, with some filling of the 
core of the magnesium triplet lines, meaning that it 
is a very active star. It has a very deep Lil line with 
an equivalent width of 176±6 mA, suggesting that, in 
the absence of a companion star, is youthful in na- 
ture. The magnetic detection, as shown in Figure 1111 
was only marginal but still, at a vs'mi of 19 kms -1 , 
the magnetic topologies should be recoverable at the 
A AT. 



LS deconvolved Zeemon signature (2660 lines used) 
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Figure 11: The various LSD profiles, as explained 
in Figure^ for HIP 90899. 



4.1.9 HIP 105388 

HIP 105388 is a G7V pre- main- sequence star (jTorres et al.1 
l2006h . This star has at;sini of 17 kms" 1 . This co m- 
pares with the measurement of lTorres et al.1 (|2006T ) of 



15.4 kms - . The value of this star's radial velocity 
was determined to be -1.8±1.0 k ms -1 . This value i s 
consistent with those measured bvlTorres et al.l (1 2006) 
of -0. 9 km s -1 and iBobvlev. Goncharov. fc Baikoval 
(2006) -1.6T0.2 kms -1 , to within the respective er- 
rors. This star has an emission equivalent width for the 
Ha line of 520 mA, however, there is little core emis- 
sion in either the magnesi um triplet or sodium doublet. 
IZuckerman fc Sond l|2004h proposed that HIP 105388 
was a member of the Tucana/Horologium Association 
and an age estimate for this moving group, hence this 
star, is 30 Myr. Further indication of the youthful na- 
ture of this star is the very stro ng Lil line, as shown 
in Figure CD iTetzlaff et aD (|201lT ) estimate that this is 
a 1.0±0.1 Mq star. Whereas the vsini is at the lower 
limit for ZDI at the AAT, a magnetic detection on 
this star was secured with an S/N of only 3822. There 
is limited spot activity as evidenced by the smooth 
Stokes / profile (lower LSD profile) in Figure [121 Re- 
covering magnetic features fro m slow to moderate ro - 
tato rs is possib l e, as s hown bv lPetit fc Donatl (|2005l ) 
and lPetit et~aD l|2008h . 



LS deconvolved Zeemon signature (2654 lines used) 
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Figure 12: The various LSD profiles, as explained 
in Figure H for HIP 105388. The Stokes / LSD 
profile shows limited spot activity on the star yet 
there is a definite magnetic detection in the Stokes 
V profile. This is supported by the absence of 
signal in the null profile. 



4.2 Ultra-Rapid Rotator: HIP 89829 

HIP 89829 is a G5V star l|Torres et al.ll2006l ). With a 
usini of 114 kms -1 , this star has been cla ssified as an 
URR. This measurement is consistent with lTorres et all 
(2006). Poimahski (2002) quote a rotational period of 
0.570751d with a photometric amplitude of 5~V = 0.07. 
This star is very active and has an emission equiva- 
lent width for the Ha line of 280T52 mA yet little if 
any emission in the magnesium triplet or the sodium 
doublet is seen. It has a very deep, albeit broadened, 
lithium line with an equivalent width of 211±13 mA. 
This indicates, in the absence of a companion star, a 
youthful star. This is consistent with that found by 
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iTorres et all (I2006T). Wh e n pla ced on the theoretical 
isochrones of I Siess et al.l l|2000l ). this star is approxi- 
mately 25-30 Myr and has a mass of between 1.0 and 
1.2 Mq. The magnetic detection is shown in Figure 
1131 This is one of the most rapidly rotating stars that 
has had its magnetic field detected at the A AT. 

As mentioned in Section 13.21 the large variation 
seen in the radial velocity measurements for HIP 89829 
could be a result of this star being a binary star. How- 
ever, after carefully considering the resulting LSD pro- 
files from both the normal UCLES setup (R~50000) 
and SEMPOL setup (R~70000), we feel that this star 
is probably single. 

LS deconvolved Zeemon signature (3420 lines used) 




-200 -100 100 

Velocity (km/s) 



Figure 13: The various LSD profiles, as explained 
in Figure [31 for HIP 89829. 



4.3 Hyper-Rapid Rotator: HIP 93378 

HIP 93378 is a pre- main-sequence, G5V star (|Torres et all 
l2006h . According to Hipparc os database, this sta r has 
a parallax of 9.14±0.92 mas ijvan Leeu wcn 2007), giv- 
ing a distance of 357^3° ly. It is a HRR with ai;sini of 
226 kms -1 , whic h is consistent with the 230 km s" 1 
value measured bv lTorres et all l|2006h within the large 
uncertainty created by such a rapid rotation. This 
star's Ha profile, when matched against a rotation- 
ally broadened solar profile, exhibitesd no emission in 
the core. Thus it appears that there is limited chro- 
mospheric activity occurring on this star. However, as 
mentioned previously, this lack of chromospheric emis- 
sion may be due to the extreme broadening of the spec- 
tral lines thereby "washing out" the emission compo- 
nent. Another reason for this decreased Ha emission 
may be due to supersatuation or even a modification of 
the chromospheric structure by the extremely strongs 
shear forces as a result of such rapid rotation. 

No magnetic detection was observed on this star, 
even when the data were binned to increase the relative 
signal-to-noise in excess of 9000. Again this extreme 
rotation may have simply washed out any magnetic 
signature. The resulting LSD profile is shown in Figure 
1141 Although this star is an extremely difficult target 
for ZDI at the AAT, its extreme rotation makes it an 
interesting target for Doppler imaging. 



LS deconvolved Zeemon signature (3291 lines used) 
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Figure 14: The various LSD profiles, as explained 
in Figure El for HIP 93378. 



4.4 Active, young, slowly rotating 
stars. 

This survey also found a number of slower rotating 
stars that are very young. Due to time constraints we 
did not take spectropolarimetric observations of these 
stars. However, the CFHT and TBL hav e been able 

to re cover magnetic fields on slow ro tators dPetit et al.l 

2008). One such star is the early GO (jSartori. Lepine. fc Diad 
hooa ) star HIP 68328. It has a relatively slow rota- 
tion of ~ 6 kms . It has a parallax of 8.34±1.56 

mas l|van Leeuwenl [20071 ) giving a dista nce of 3911r? 
ly. U sing the bolometric corrections of I Bessell et al.l 
(| 19981 ). the temperature of HIP 68328 was estimated 
to be 54201^7 K. This is consist e nt wi th the tempera- 
ture estimated bv lLafrasse et el.l (|2010n e ven though it 
i s low er than the most recent estimate bv lBailer- Jones! 
(|201ll ) of 5871 K. This project estimates that this star 
has a radius of 1.41°'^ R©, giving a luminosity of 
1-491q'44 L©. This value is si milar, within the relative 
error b ars, to that es timated bv | Sartori. Lepine. fc Diasi 
(|2003l 1 of 1.66 L Q . Ide Beeuw et all (|l999r i identified 
this star as a possible member of the Scorpius-Centaurus 
OB association. This is a young star-forming region 
with stars less than 20 Myr old. When placing this star 
on the theoretical isochrones of I Siess et al.l ((20001 ) . as 
shown in Figure [5] the star has an age of ~20±10 
Myr and a mass of ~1.2±0.1 Mq. This age is con- 
sistent with the observation of a very deep Lil line 
with an equivalent width of 263±4 mA. It has a emis- 
sion equivalent width for the Ha of 850±45 mA, the 
most active star in this sample by this measure. These 
observations of youth and activity are shown in Fig- 
ure 1151 Other slow rotators with substantial lithium 
lines include HIP 23316, HIP 41688, HIP 63734 and 
HIP 11241. All have indicators of having an active 
chromosphere with core emission in the Ha line. An- 
other interesting target is the slow rotator is HIP 5617. 
It has very prominent emission in the wings of the 
Ha line, extending above the continuum, indicating 
the presence of circumstellar material. However, the 
lithium line is very weak. This is perhaps a T-Tauri 



12 



Publications of the Astronomical Society of Australia 



star. 



Ha line Sodium Doublet 
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Figure 15: The activity indicators for HIP 68328. 
This star has a very strong emission component 
of the Ha line with some moderate filling in of 
the sodium doublet and magnesium triplet. Also 
shown in this figure is the strong Lil 670.78 nm 
line. 



4.5 Binary and Multiple Stellar Sys- 
tems 

The LSD p rofile is an excelle nt way of identifying a 
binary star (|Waite et al.ll2005h , as the LSD profiles of- 
ten show both stars, except if the star is undergoing an 
eclipse or is a faint star such as an M-dwarf. Where 
stars that appear to be rapidly rotating, more than 
one spectra (often two, three or more) were taken to 
make sure that the star was indeed single. HIP 31021, 
HIP 64732 and HIP 73780 were identified as binary 
stars based on their individual LSD profiles. HIP 64732 
may have a giant polar spot on one of the components 
as one of the LSD profiles exhibited a "flat bottom", 
indicating the likely presence of a giant polar spot or 
high latitude features. This is shown in top left panel 
of Figureri6l HIP 19072, HIP 67651 and HIP 75636 are 
likely to be spectroscopic binary stars while HIP 33111 
could be a triple system. The associated LSD profiles 
are shown in Figure [16] There is a slight deformation 
of the LSD profile of HIP 75636 on the blue side that 
could be due to a companion star just moving into an 
eclipse of the second star. Also, the radial velocity of 
this star was meas ured to be 43.7±1 km s _1 whereas 
iTorres et all (|2006f ) measured the radial velocity to be 
5.9 kins" 1 . While some of the stars in this survey ex- 
hibit slight shifts in the radial veloci ty when compared 
with the work of lTorres et al.l (|2006T ). this difference is 
far too great to conclude anything else except that it 
is a binary star. 

Table [4] gives a summary of the likely targets for 
follow-up magnetic studies. 




-100 -50 50 100 -150 -100 -50 50 100 150 




0.94 ' ' ' ' ' 1 

-300 -200 -100 100 200 300 

Velocity km s~ 

Figure 16: LSD profiles of some likely binary stars. 



5 Conclusion 

This survey aimed to determine the nature of a number 
of some unresolved variable stars from the Hipparcos 
database and to identify a number of targets for follow- 
up spectropolarimetric studies at the AAT. Of the 38 
stars observed, three stars (HIP 31021, HIP 64732, 
HIP 73780) were spectroscopic binary stars while fur- 
ther three stars, (HIP 19072, HIP 67651 and HIP 75636) 
are likely to be a spectroscopic binary stars while HIP 33111 
could be a triple system. Two stars rotate with speeds 
in excess of 100 km s" 1 : HIP 93378 (v sin j ~ 226 km s" 1 ) 
and HIP 89829 (vsim ~ 114 kms" 1 ). Magnetic fields 
were detected on a number of the survey stars: HIP 21632, 
HIP 43720, HIP 48770, HIP 62517, HIP 71933, HIP 77144, 
HIP 89829, HIP 90899 and HIP 105388. All of these 
stars would be suitable for follow-up spectropolarimet- 
ric studies using SEMPOL at the AAT. 
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Table 2: Journal of Spectropolarimctric observations using SEMPOL at the AAT 



HIP 

number 


UTDATE 


UT Time Q 


Exposure Time 
(seconds) b 


Mean S/N c 
(Stokes V) 


Magnetic 
Detection? 


FAP d 




21632 


2008 


DeclO 


12: 


:39: 


:15 


4 x 900 


5898 


No Detection 


2.245 x 10" 


-1)1 


21632 


2008 


Decl3 


14: 


:27. 


:53 


2 x 900 e 


2710 


Definite 


4.761 x 10" 




43720 


2008 


Dec09 


16 


: 4: 


50 


4 x 900 


5304 


Definite 


0.000 




43720 


2008 


Decl4 


14: 


:12 


:40 


4 x 900 


2626 


No Detection 


1.667 x 10" 


-02 


43720 


2009 


Apr09 


11 


: 8: 


13 


4 x 800 


3800 


Definite 


5.194 x 10" 


- 10 


43720 


2009 


Apr09 


12: 


:58: 


:33 


4 x 800 


3759 


Definite 


6.871 x 10" 


- 12 


48770 


2009 


Dec03 


16: 


:42 


:47 


4 x 750 


1734 


No Detection 


1.528 x 10" 


-02 


48770 


2010 


AprOl 


10: 


:30 


:40 


4 x 800 


2530 


Definite 


7.011 x 10" 


-10 


62517 


2009 


Apr09 


15 


: 7: 


23 


4 x 800 


1559 


No Detection 


8.504 x 10" 


-01 


62517 


2010 


Apr02 


12 


: 0: 


30 


4 x 800 


6685 


Marginal Detection 


1.786 x 10" 


-03 


71933 


2008 


Decl8 


17: 


:44 


:15 


4 x 900 


1748 


No Detection 


7.146 x 10" 


-01 


71933 


2010 


AprOl 


15: 


:37 


:08 


4 x 800 


8843 


Definite 


6.457 x 10" 


-11 


77144 


2010 


Mar31 


18: 


:02 


:03 


4 x 800 


4315 


Definite 


0.000 




77144 


2010 


Apr03 


17: 


:54 


:31 


4 x 800 


3783 


No Detection 


1.362 x 10" 


-01 


89829 


2009 


Apr 13 


17: 


:10 


:25 


4 x 600 


2544 


No Detection 


1.432 x 10" 


-01 


89829 


2010 


AprOl 


16: 


:41 


:14 


4 x 800 


7274 


Definite 


4.663 x 10" 


-15 


90899 


2010 


Mar28 


17: 


:50 


:20 


2 x 800 e 


669 


No Detection 


6.837 x 10" 


-01 


90899 


2010 


Apr02 


17: 


:42 


:47 


4 x 800 


3663 


Marginal Detection 


3.647 x 10 


-3 


93378 


2010 


AprOl 


17: 


:43 


:42 


4 x 800 


9727 


No Detection 


7.102 x 10 


-2 


105388 


2008 


Dec09 


10: 


:17 


:50 


4 x 900 


3822 


Definite 


1.732 x 10" 


-14 


105388 


2008 


DeclO 


10: 


:23 


:32 


4 x 900 


3388 


No Detection 


5.084 x 10" 


-01 



a Mid-observing time 
b Generally a cycle consists of four sub-exposures. 
c Mean Signal-to-noise in the Stokes V LSD profile, see Section l2~4l 
d FAP: False Alarm Probability. See Section [3~5l for more details. 
e Due to cloud, this cycle was reduced to two sub-exposures. 
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Table 4: New solar-type targets for Zeeman Doppler imaging. 



Confirmed targets 


HIP number 


MR 


21632, 90899, 105388 


RR 


43720, 48770, 62517, 71933, 77144 


URR 


89829 


Potential targets 1 


SR & MR 


5617, 10699, 11241, 23316, 25848, 




63734, 68328 


HRR 


93378 (DI target) 


Binary Stars 


Binary Stars 


31021, 64732, 73780 


Probable Binary Stars 


19072, 33111 2 , 67651, 75636 



See Table [3] for definitions used in this table. 
1 Based solely on activity (if SR or MR) or rapid rotation. 
2 This star may even well be a triple system. 



